Abstract The objective of this study
Introduction
Tibial eminence fractures are typical of early age and they are generally considered analogous to the anterior cruciate ligament (ACL) rupture in the adult [4, 14, 15] . Typically they occur in children between eight and 14 years of age as a consequence of a fall from a bicycle or from a motorcycle [4, 16, 20] .
The type of mechanism involved in tibial spine fractures is usually the same as that involved in a complete ACL rupture in an adult. It is commonly believed [14, 15, 23] that this phenomenon is due to the higher fragility of the tibial eminence (not yet completely ossified in the young) compared to the ACL fibres; in addition, Noyes et al. [18] proposed that this kind of injury could even be due to the very high elasticity of the ligaments in childhood. Indeed, from a biomechanical point of view, the growing meta-physis seems to have about one third of the resistance of the ligaments.
The goal of the treatment is to obtain an anatomical reduction of the tibial eminence. In theory an overreduction should be avoided to prevent the risks of excessive tension of the ACL and a loss of mobility of the knee [10] ; likewise, an inadequate repositioning of the tibial spine could lead to knee instability. However, between these two possibilities, some authors have stated that a certain elongation of all the fibres of the ACL takes place in all cases, thus leading one to assume that an overreduction could be wiser to perform.
The most common type of classification used for these fractures was described in 1959 by Meyers and McKeever [14, 15] with three different types of fractures (Fig. 1) ; in 1997 Zaricznyj et al. [25] proposed a type IV fracture to better identify the comminuted fractures.
According to many authors [3, 14, 15] , type I fractures can be successfully treated conservatively with immobilisation of the limb in full extension while types III and IV have to be treated surgically to gain a satisfactory reduction of the tibial eminence. Differing opinions exist about the best treatment to perform in cases of type II fractures. While some authors state that immobilisation in full extension or even in mild hyperextension can be sufficient to allow a satisfactory reduction of the fracture [11] , other authors [1, 5, 8, 11] complain about the unsatisfactory results arising from such a conservative treatment, stating that an arthroscopic evaluation is always necessary to gain a suitable reduction as well as to evaluate and adequately treat any potential concomitant associated lesions.
Aim of the study
The aim of this study is to report the clinical and radiological mid-to long-term follow-up of patients surgically treated with arthroscopic reduction of an anterior tibial eminence fracture.
Materials and methods
At our institution ten patients (seven male and three female adolescents) were surgically treated for fractures of the anterior tibial eminence between November 1992 and October 2006. The mean age was 13.5 years (range: 12-15 years); the mean follow-up was 85.8 months (range: 20-188 months). Six patients (60%) experienced the injury during sports activities (three during skiing, one playing soccer, one playing professional soccer and one playing basketball), while in the other four patients (40%) the trauma was due to a fall from a motorcycle. According to Meyers and McKeever classification [14, 15] , of these ten patients, there were three cases of type II fractures (30%) and seven cases of type III fractures (70%) ( Table 1) .
At the physical examination, acute pain, mild to severe reduction of the range of motion (ROM) of the knee and inability to bear weight was detected in all cases. All of these patients with type II and type III fractures of the anterior tibial eminence were surgically treated by an arthroscopic technique.
Subjectively, all patients were clinically followed up with an accurate physical examination to verify the stability and the overall function of the knee. Objectively they underwent assessment with the most common international knee evaluation scales [Lysholm knee score, Tegner activity level and International Knee Documentation Committee (IKDC) forms] and the KT-1000 arthrometer measurement [manual maximum (MM) in a side-to-side (S/S) comparison]. Moreover, all of the patients underwent a radiological evaluation with an X-ray examination in two planes.
Statistical analysis was performed using a paired t-test. A value of less than 0.05 was considered significant.
Surgical procedure
All of the patients considered in this study were treated surgically with an arthroscopically assisted reduction and The first step of the operation consisted in all cases of an arthroscopic débridement of the fracture in order to sufficiently visualise the bone fragment, stage the type of fracture and to determine where to insert the Kirschner wires (Fig. 2) . Particular attention was always focused on any associated chondral or meniscal lesions.
An incision of about 1 cm in length was made over the metaphyseal plate of the tibia: number two fenestrated Kwires were then introduced into the proximal third of the tibia at the tibial insertion of the ACL. The growing cartilage was only minutely damaged by the passage of such small hardware. Through the hole at the extremity of one of the two K-wires, a PDS suture was introduced into the joint and subsequently passed through the second Kwire hole (Fig. 3) ; the suture was then pulled through the joint upon removal of the K-wires. The osteochondral fragment was consequently fixed by pulling the two sutures and tightening them tightly together outside the proximal third of the tibia (Fig. 4) . From time to time, the PDS suture was passed around the ACL before being pulled out of the knee joint. After fixation of the bone fragment, the knee stability was always evaluated in order to verify any residual laxity of the joint.
Post-operative rehabilitation protocol
The inferior limb was placed in a full extension brace, with the instruction to avoid weight-bearing for the first two weeks. Isometric exercises for quadriceps strengthening and hamstrings stretching protocol were started by the second post-operative day.
From the second to the fourth post-operative week, with the limb always locked in full extension, progressive weight-bearing was allowed, as tolerated by the patient. After the first post-operative month, the brace was removed and a careful rehabilitation protocol was started to regain a complete ROM and to further strengthen the quadriceps muscular tone. Return to sports activity was never allowed before the fifth post-operative month. 
Results
At a mean follow-up of 85.8 months, all ten patients were clinically and radiologically evaluated. Subjectively, six patients (60%) reported an excellent outcome and four patients (40%) reported a good result; no one reported fair or poor results. The ROM registered was complete (in a S/S evaluation) in all cases with a complete recovery of both flexion and extension.
Objectively, the Lachman test was negative (−) in seven patients, while the other three patients registered a positive (+) Lachman test; these same three patients also registered a mild (++) pivot-glide test, while three other patients with a negative Lachman test registered a slight (+) positive pivotglide test.
The results of the international knee evaluation scales used showed an overall satisfactory outcome of the surgical procedure performed, as shown in Table 2 .
The mean value of the KT-1000 arthrometric measurements (S/S) was 3 mm post-operatively. In particular, patients who registered a mild (++) pivot-glide test always registered a value of 6.0 mm, while patients with slight (+) or negative (−) pivot-glide test had a mean of 1.7 mm (range: 1-4 mm) ( Table 2) .
No concomitant meniscal or chondral lesions were ever detected during the surgical procedures.
Radiological examinations did not show any type of enlargement of the tibial eminence or as any other kind of malunion of the tibial fracture in the S/S evaluation: indeed, the shape of the tibial eminences appeared to be similar to the contralateral side in all cases, therefore showing a satisfactory consolidation of the fracture (Figs. 5 and 6, preoperative and post-operative X-rays, respectively, of the same patient).
No cases of intra-or post-operative complications were ever detected. All ten patients were able to return to their pre-injury activity levels.
Discussion
Although a few studies have shown no difference in outcome of displaced tibial spine fractures treated conservatively versus surgically [2, 4, 17, 23, 24] , many other authors advocate the surgical option so as to treat possible associated lesions, like meniscal tears or osteochondral injuries [12, 13] . Moreover, they support the opinion that the surgical option facilitates a more satisfactory reduction of the fracture, thus avoiding the possible risk of a meniscal entrapment under the fractured tibial eminence or a possible healing of the fracture in a non-anatomical position, with the consequence of further instability or loss of extension of the knee [4, 6, 13, 19] .
Indeed, fractures of the tibial eminence in the developing years often lead to an anterior knee laxity, regardless of the type of treatment performed [1, 2, 7, [22] [23] [24] .
At a mean follow-up of seven years, Smith [22] showed how in all patients, both conservatively and surgically treated, there was a residual laxity of the knee: as a Fig. 5 Pre-operative X-ray of a patient with a type III fracture consequence, they stated that, since the tibial spine had consolidated in the right position, the residual laxity could be attributed to the elongation of the ACL fibres which occurs at the time of the trauma. However, this theory is in contrast with the theory that during physical development the ligaments are more resistant than the underlying osteochondral tibial spine. Noyes et al. [18] , in a biomechanical study, confirmed the pathogenetic mechanism proposed by Smith showing the occurrence of an elongation of more than 50% of the original length of the fibres of the ACL before the tibial fracture subsequently happened. Therefore, even though the ACL ligament appeared to maintain its continuity externally, the authors stated that it is very hard to adequately restore the pre-traumatic stability of the knee. This could be one of the possible reasons for the unsatisfactory outcomes of this type of pathological condition in terms of post-operative anterior knee stability. Grönkvist et al. [4] have shown how continued growth of the tibial bone can compensate for the residual postoperative anterior knee laxity arising from the elongation of the ligament fibres. Consequently, the authors stated that the younger the patient the better the outcome. These results were successively confirmed by Hunter and Willis [5] and by Janarv and Hirsch [7] .
The results of our study are consistent with the abovementioned studies, since our analytic evaluation shows better results in patients younger than 13 years of age, in terms of improved knee stability; however, these better results were not statistically significant when compared to the results of the patients older than 13 years (p>0.05).
Moreover, it has been widely shown how the residual laxity differs depending on the type of fracture treated. For instance, Baxter and Wiley [2] showed how patients with a type I fracture [14, 15] reported a minimal residual laxity, while patients with type II or type III fractures registered a higher post-operative laxity. In accordance with these studies, our results confirm this phenomenon, since the worst results in our study occurred specifically in patients with type III fractures. Indeed, three patients of the three who registered a type II fracture (100%) reported a negative (−) Lachman test; whereas, of the remaining seven patients with a type III fracture, three patients (42.8%) had a positive (+) Lachman test. Post-operative KT-1000 arthrometer evaluation confirmed our clinical results: patients with a type II fracture showed a mean of 2.7 mm (S/S) at MM, while patients with a type III fracture showed a mean of 3.3 mm (S/S).
However, among the patients with these two types of fractures, no statistically significant differences were detected. Unfortunately, in the group of patients of our study, no cases of type I fractures were detected, so we were not able to make a comparison regarding the postoperative knee stability in treatment of type I fractures.
Nevertheless, it is important to underline how the laxity clinically detected by all of the above-mentioned authors, and even confirmed in this study, was always an instrumental result, without a corresponding clinical or subjective feeling of real instability [1, 2, 6, 7, 20, [22] [23] [24] . Indeed, at final follow-up, all of the patients reported a good or excellent feeling of stability of the operated knee, without any kind of restriction in practising their daily or sports activities. All of the patients returned to their pre-injury sports activity and denied any kind of restriction.
In a four-year follow-up study, Willis et al. [24] showed that, despite the objective residual knee laxity, only 10% of their patients reported mild pain and no one reported any type of instability. Similarly, Kocher et al. [9] and Janarv et al. [6] reported a post-operative laxity in four of six patients (66.6%) and in 38% of 61 patients, respectively, with an excellent clinical outcome.
This lack of subjective instability could be due to both the integrity of the nervous fibres along the ACL ligament and the integrity of the neuromuscular feedback. Moreover, despite the possible elongation occurring in the ACL at the moment of the trauma, it is plausible that the presence of all of the fibres and their overall integrity allow the ACL to adequately accomplish its function.
An interesting finding arising from the analysis of our study, which differs from that found in some previously published studies [2, 20, 22] , is the presence of a rotational knee laxity often associated with the anterior laxity. Indeed, three patients (30%) showed a positive (++) pivot-glide test along with a positive Lachman test, while another three patients (30%) showed merely a positive (+) pivot-glide test without a concomitant anterior drawer test. In theory, the presence of this rotational instability could be due to a concomitant peripheral knee capsular and ligamentous injury of the knee, perhaps not detected during the arthroscopic treatment. Unfortunately, we did not perform any type of magnetic resonance imaging study in our group Fig. 6 Follow-up X-ray at 98 months of patients before the surgical treatment, so we are not able to retrospectively verify any kind of possible associated peripheral knee lesion.
Moreover, in our study, at the final follow-up, we did not find any reduction of the ROM, in either flexion or extension [2, 21] . The radiographs did not show any enlargement of the tibial eminence, probably confirming how a satisfactory reduction of the fracture can allow a complete recovery of the ROM without giving any guarantee regarding the post-operative knee stability.
Conclusions
Fractures of the anterior tibial spine often lead to an anterior knee laxity, despite the type of treatment performed. However, subjectively, this type of laxity was never registered as a discomfort and never led patients to restrict their functional or sports activities.
In contrast to the results reported by other authors, our study often registered a high percentage of residual rotational knee laxity, regardless of concomitant anterior knee laxity. None of the patients of our study exhibited lack of extension during physical examination, thus differing from the other studies.
